Abstract
Introduction
Saraca asoca (Roxb.) Willd. (Family-Caesalpinaceae, commonly known as sita-ashoka or sorrowless tree) is a small evergreen tree found wild along streams or in the shade of evergreen forests throughout India up-to an altitude of 750 m [1] . As the name signifies, the tree is believed to be capable of relieving the sorrow of people. There is huge demand for Ashoka bark by Indian herbal industry (>2000 mt per year). Ashoka bark has been used since time immemorial in many ayurvedic preparations like Ashoka grihta, Ashoka saar and U-CAP capsules to cure internal uterine haemorrhages, colic piles, ulcers, dyspepsia and diabetes. Field studies reveal inadequate wild populations of S. asoca to cater to the needs of Indian herbal industry. This species exists only as avenue trees and not as a sizeable wild or planted population in India. Large quantities of seeds/seedlings are collected by the Forest Department for nursery raising, leaving less room for natural regeneration in the original habitat. According to field studies, there is no documentation of known plantations [2] .
The bark of the tree is very useful in gynaecological problems especially uterine bleeding associated with fibroids [3] . Recently the analgesic potential of hydrogels of silver nanoparticles using Saraca asoca bark extract has been reported [4] . It is one of the most sacred trees of the Hindus and Buddhists, the flowers being much used for religious ceremonies [5] . It is a very important forest resource of the country and a commercially important medicinal tree. But, due to un-mindful exploitation for its bark and habitat destruction, it has been declared as a vulnerable species [6] . It has also become vulnerable in nature due to increasing demand for its phytochemicals, ruthless exploitation of other plant parts like seeds and flowers and unscientific management practices. Conventionally, the tree is propagated by sowing seeds in rainy season, but seed propagation has limitations like low seed production and seed viability for a short period of only two months [7] . Vegetative propagation methods for this species have also not been reported for production of clonal planting stock. Thus, in order to rescue the species from further depletion, there is an urgent need to develop suitable micropropagation technology for its mass multiplication, which will go a long way in the conservation of this vulnerable species. In the past, very limited work has been carried out on propagation under in vitro conditions in Saraca asoca [8] [9] . As the species belongs to Family-Caesalpinaceae whose members are reported to be recalcitrant to tissue culture, efforts were made to standardize nutrient media and thereafter modify the strength of KNO 3 in the medium in order to enhance shoot induction. For this purpose, four commonly used media were tried. In previous reports though MS, WPM and Gamborg's B 5 medium have been used, Nitsch and Nitsch medium has not been so commonly used. To the best of our knowledge, this study has reported modification in strength of KNO 3 in the B 5 medium for the first time.
Materials and Methods

Plant Material
Young plants (3 years old) of seed origin were collected from Jabalpur, Madhya Pradesh and Nagpur, Maharashtra, India (Figure 1(a) ). Shoots were cut from the young plants and explants prepared from them. The shoots were cut into 2 -3 cm long nodal segments, rinsed thoroughly in distilled water and swabbed with 70% ethyl alcohol soaked cotton. Cetrimide (ICI Ltd. India) solution (2%) prepared in sterile distilled water was added to these nodal segments in an Erlenmeyer flask and put for continuous agitation in rotary shaker for 30 min. Treatment with 0.2% solution of Bavistin ® and 0.5% Streptomycin ® was given for 30 min each. After thorough rinsing in sterile distilled water, they were surface sterilized in the laminar flow with different sterilizing agents and finally rinsed thrice with sterile distilled water. The sheath over the buds on the nodal segments was removed and they were inoculated on MS [10] semisolid medium supplemented with 10 µM BA (Figure 1(b) ). The in vitro shoots so obtained were cut into nodal segments and used in further experiments.
Shoot Induction and Proliferation
A series of experiments were conducted for initiation and multiplication of shoots through nodal segments. A simple randomized block design experiment was conducted to screen various cytokinin sources for shoot initiation. A uniform dose of 20 µM of various cytokinins, viz., BA, kinetin, adenine hemisulphate, zeatin and 2-iP was tested in MS medium. MS medium supplemented with BA and zeatin resulted in 60% sprouting of nodal segments (data not shown). BA being the cheaper source of cytokinin, was used in further experiments. In a two way factorial randomized block design experiment, four nutrient media, viz., MS medium, B 5 medium [11] , Woody Plant Medium [12] and NN medium [13] ) with B 5 medium for shoot induction and proliferation in a simple randomized block design experiment. A two way factorial randomized block design experiment was conducted to screen four carbon sources, viz., sucrose, fructose and lactose in three concentrations (0.03, 0.09 and 0.15 M). A simple randomized block design experiment was conducted to test four modified strengths of KNO 3 (0.25×, 0.5×, 1.0×, 1.25× and 1.5×) in B 5 basal medium. The parameters recorded after four weeks were sprouted nodal segments (%), number of shoots and shoot length (cm). In the KNO 3 strengths experiment the shoots were growing actively, therefore data was also recorded after eight weeks.
In Vitro Rooting of Shoots
Shoots obtained from experiments conducted on shoot formation were used for rooting experiments. The following experiments were conducted for rooting of shoots. Firstly simple randomized block design experiment was conducted for rooting of in vitro shoots on B 5 medium supplemented with two auxins NAA (Napthalene acetic acid) and IBA (Indole-3-butyric acid) at a common dose of 13 µM. Secondly a simple randomized block design experiment was conducted for rooting of in vitro shoots comprising of two step culture process as follows: In the first step, the shoots were pulse-treated with IBA. Effect of 5 durations (quick dip, transfer of shoots after 1 day, after 3 days, after 5 days and after 7 days) of pulse treatment with 200 µM IBA in 1/2 strength MS liquid medium with sucrose (2%) was studied. In the second step, the pulse-treated shoots were subsequently transferred onto 0.6% agar-gelled half-strength MS medium augmented with IBA (0.2 μM) and 3.96 μM phloroglucinol. Observations for rooting experiments were recorded after six weeks.
Hardening of Plantlets
The rooted plantlets were carefully taken out of bottles and gently washed under running tap water to remove the adhering agar and dipped in a solution of 0.1% Bavistin ® . The plantlets with washed and cleaned root system were transferred to root trainers consisting of 20/25 cells, each of 150 cc, filled with a mixture of autoclaved soilrite and supplied with half strength MS medium (without organics and sucrose) once a week for 15 days and kept in the culture room. After two weeks, the plantlets were transferred to polybags and pots containing a mixture of sand, farmyard manure and soil in a ratio of 1:1:1 (by volume) and shifted to a shadehouse covered with double layer of high density polyethylene black agronet.
Culture Conditions
The MS medium supplemented with 3% (w/v) sucrose (DSM, Dhampure, India), 0.8% (w/v) agar (Qualigens Ltd., India) and 0.01% (w/v) myo-inositol (SRL Ltd., India) was used in all experiments except experiments to screen nutrient medium. The pH of the medium was adjusted to 5.8, prior to autoclaving for 20 min at 15 psi. Each explant was cultured in a 25 × 150 mm culture tube containing 15 ml of sterilized semisolid medium for culture establishment and 150 ml conical flasks containing 40 ml semisolid medium for in vitro shoot multiplication and rooting experiments. The cultures were incubated at a temperature of 25˚C ± 2˚C under16 h photoperiod with 50 µmol•m −2
•s −1 light intensity provided by white fluorescent tubes (40 W, Phillips, India) in the culture room.
Statistical Analysis
The data was analysed with SX statistical package using one-way and two-way analysis of variance. The interactions of the treatments were studied in their factorial combinations. The experiments comprised of three to four replications. Data expressed in percentage was transformed using the arc sine transformations [14] . The significance of the data was ascertained by F-test and the critical difference (CD) values at p = 0.05 computed for comparing means of various treatments.
Results and Discussion
Shoot Induction and Proliferation
The results obtained in various experiments are described below.
Effect of Nutrient Media
Significant differences were found between different concentrations of BA and different basal media for sprouting of nodal segments ( Table 1) . Maximum sprouting (64.6%) was obtained on 2.2 µM BA (Figure 1(e) and Figure 1(f) ). The interaction between medium and BA doses did not have significant effect on sprouting of nodal segments. Basal medium had significant effect on nodal segments with regenerated elongated shoots (%). Differences were observed among various media with maximum regenerated elongated shoots (15.4%) obtained on B 5 medium ( Table 2) . Thus, B 5 medium was screened out as the most suitable medium for shoot proliferation in Saraca asoca. Selection of medium is vital to success in tissue culture and the choice of the medium is dictated by the purpose of the tissue culture technology, which is to be employed for plant species or variety [15] [16] . There are many reports comparing different media for their effect on in vitro shoot multiplication [17] - [20] . Different plant species usually vary in their nutritional requirements, therefore they respond differently to various basal media. Similar variation was observed in our study, and out of the four culture media tested, B 5 medium proved to be the best culture medium for shoot proliferation. B 5 medium contains high concentration of thiamine (vitamin B 1 ), which seems to have facilitated formation of in vitro shoots.
Furthermore, B 5 medium is a low salt strength medium with only one source of nitrate as KNO 3 . Earlier reports on micropropagation of different leguminous species have also used B 5 medium for shoot induction [21] - [23] . In contrast to our results, B 5 medium was found to be less effective than MS and WP medium in leguminous species, viz., Swartzia madagascariensis [24] and Lens culinaris [25] . Our results are also in agreement with earlier workers, who have used B 5 medium for in vitro shoot formation in other species. For instance, maximum number of shoots was obtained on B 5 medium in Curculigo orchioides by Suri et al. [26] . Burnouf-Radosevich and Paupardin [27] also reported multiple shoot formation in Chenopodium quinoai on B 5 medium.
In the leguminous tree Prosopis alba, three of the better known basal salt media for woody plants; Murashige and Skoog's, Gamborg's B 5 , and McCowen's Woody Plant medium were compared. Overall, the full-strength media yielded a greater response than the quarter or half-strength media. Contrary to our results, while the Gamborg's B 5 medium was initially quite good, nearly all of the leaves dropped off after 55 days. The Murashige and Skoog's medium yielded the best results overall and was adopted for routine use [28] .
Effect of Glutamine
Addition of glutamine to the medium as an additional source of nitrogen did not enhance sprouting in nodal segments. Glutamine treatments also did not significantly affect the percentage of elongated shoots (data not shown). The use of glutamine has been shown to increase the frequency of organogenesis and regeneration in the in vitro culture of several plants [29] - [31] . But our results are in contrast to these reports. This may be because Saraca asoca does not require an additional source of nitrogen for growth.
Effect of Various Carbon Sources
The three carbon sources tried did not significantly affect the shoot formation from nodal segments or the elongation of shoots (data not shown). The growth of shoots in vitro is affected by the concentration and type of exogenous carbon sources added to medium to serve as energy source and also to maintain the osmotic potential [32] . In cultured plant tissues, the normal function of chloroplast as a source of energy is reduced and a continuous supply of carbohydrates from the medium is therefore necessary. In general, sucrose is the carbohydrate of choice as carbon source for in vitro plant culture, probably because it is the most common carbohydrate in the phloem sap of many plants [33] . As sucrose has been reported, as the most effective source of carbon for many other tree species [34] - [36] , it was used in all further experiments.
Effect of Modified Strengths of KNO3
In order to improve the shoot induction and proliferation, modifications were carried out in the nitrogen source i.e. KNO 3 of the B 5 medium. The modified strengths of KNO 3 in B 5 medium had statistically significant effect on sprouting of nodal segments and number of shoots after four weeks of culture ( Table 3) . On 0.25× strength of KNO 3 , maximum shoots (1.12) were obtained. Significant differences were observed between treatments for number of shoots even after eight weeks of culture and maximum shoots (1.92) were obtained on 0.25× strength of KNO 3, which was statistically on par with 1.36 shoots obtained with 0.50× strength of KNO 3 ( Table 4 ). The modified strengths of KNO 3 did not significantly affect the elongation of shoots.
Nitrogen plays a major role in growth and differentiation such as stem elongation and leaf morphology. Both form and amount of nitrogen in culture medium have significant effects on rate of cell growth and differentiation. In tissue culture medium, nitrate, ammonium salts, amino acids and complex organic products supply nitrogen. Nitrogen is an essential element in modern mineral salt formulations and is present in the form of both nitrate 
NH
ions. Nitrate is a good source of nitrogen because it is readily taken up and metabolized by the cells and affects a number of developmental processes leading to root branching, breaking of seed and bud dormancy and release of apical dominance [37] . Decreased strength of KNO 3 (0.25×) resulted in better growth of shoots, indicating that Saraca asoca, needs low levels of 3 
NO
− nitrogen. Saraca asoca is not found commonly in cultivation with supply of high inputs, but is found sporadically growing wild in forests. Therefore, it is adapted to grow with minimum resources available from the soil and thus under in vitro conditions also it grows better on low salt concentrations. Similarly, shoot cultures of Ceratonia siliqua, a leguminous tree could be successfully maintained on MS media with two to four times lower content of nitrogen salts [38] . Similarly, Tabone et al. reported that for Prosopis alba also nitrate as a source of nitrogen produced healthy shoots.
In Vitro Root Induction
Two thin and delicate roots developed from basal end of shoots on medium supplemented with 13 µM NAA and around 6% rooting was obtained (Figure 2(a) ). In order to improve rooting success a two step pulse treatment method was followed. Pulse treatment of 5 days duration with 200 µM IBA and subsequent transfer to lower level of IBA along with phenolic compound phloroglucinol resulted in 37.5% in vitro rooting of shoots (Table 5, Figure 2(b) ). Thick, strong brown coloured roots were obtained and the highest number of roots (2.62) with maximum root length (6.25 cm) was achieved with the above procedure. Two-step rooting procedure has been used to advantage in many leguminous species including Prosopis cineraria [39] . Auxin induces new root formation by breaking root apical dominance induced by cytokinins. IBA is reported to be more effective than other The values in parenthesis are arc sine transformed.
auxins because it is less quickly destroyed by autoclaving or light [40] . It also exhibits long tissue half-life and thus escapes attack of endogenous degrading enzyme system like IAA oxidase [41] . The slow movement and slow degradation of IBA facilitates its localization near the site of application and thus its better function in inducing roots [42] [43] . Pulse treatment with IBA has been earlier reported for rooting of teak shoots [44] [45] . Pulse treatment with IBA in various concentrations have been found to be effective for many other species such as Picea sitchensis [46] , Wrightia tinctoria [47] , Garcinia indica [48] , Pterocarpus marsupium [49] and Erythrina variegate [50] . The auxin-phenol synergism also may be resulted in suppression of the peroxidase activity in the culture, thereby protecting the endogenous auxin from peroxidase-catalyzed oxidation [51] . In several plant species, viz., Malus pumila [52] [53] and Prunus avium [54] , the promotive effect of phloroglucinol on rooting has been reported. In all these reports, phloroglucinol enhanced rooting in the presence of an auxin, which is similar to the findings of the present study.
Hardening and Transfer of Plantlets
The two main deficiencies of in vitro grown plants are: i) poor control of water loss and ii) heterotrophic mode of nutrition. Therefore, gradual acclimatization is necessary for these plants to survive transition from culture to the field [55] . In this study a step-by-step procedure of hardening and acclimatization of the plantlets was adopted. This step-wise transfer to high temperature conditions prevented the plants from shock caused by sudden increase in temperature. The rooted plantlets were first hardened under in vitro conditions by transferring to root trainers filled with soilrite and supplied with half strength MS liquid medium lacking sucrose for 15 days (Figure 2(c) and Figure 2(d) ). Hardened plants were finally transferred to polybags and clay pots containing a mixture of sand, farmyard manure and soil in a ratio of 1:1:1 (by volume) (Figure 2 (e) and Figure 2(f) ). All the established plants showed a high degree of uniformity without any detectable phenotypic variation.
Conclusion
In the present study, B 5 medium was screened out as the most suitable medium for shoot induction and prolife-F. Shirin et al.
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ration of Saraca asoca. An important finding reported here is that the quantity of nitrogen in B 5 medium is supra-optimal for Saraca asoca shoot cultures. In conclusion, a method of in vitro clonal propagation through nodal segments has been developed which will be useful for the improvement and conservation of this economically important vulnerable leguminous tree species of medicinal importance.
